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The electrical system 2

Generation
(power stations)



Markets refresher



Belyaev (2011, p.225):

“In the short run, the
relationships between average
variable and the total costs of
power plants and the annual

Lev S. Belyaev electricity output do not have
an U-shaped form (with

El@(t”ﬂty minimum).”
Y QRS0 5110 < Thus, power plants should

participate in the competitive
wholesale market with their
total (but not marginal, as it
IS accepted in the theory of
microeconomics) costs not to
be a bankrupt.”

Economics and Policy Challenges

Belyaev (2011) Electricity Market Reforms: Economics and
Policy Challenges. Springer

@ Springer
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Deriving a the equilibrium price
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Deriving a the equilibrium price
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Deriving a the equilibrium price
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Free market mechanism imposes a rich structure



I— 00 kl N g at t - You always pair the strongest

PS=38 buyer with the strongest seller.
P CS=15 Until supply and demand

intersect
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Other possible arrangements:
Communist “fair’ dictator

Could this be more efficient?

1

W= 35

W(Free market)=53

12345678 9101112 (difference =18)
Wine

O =N W 0100 N WO

Free market maximizes
W=CS+PS



Deriving a the equilibrium price
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Prices In purely competitive
markets (energy- only markets)



Uniform price auction

$/MWH
Baseload plants Peaker plants
(MC=0)
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PROFITS!
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Uniform price auction
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Peak-load pricing
L[(js’ K, f] :Zas ’(US[QS]_CQS)_ f-K "'Zas - s (K —Qs)
Q.. U,/[Q.]=c+ s " #S equations
K: f=> agu 1 equation
we o s (K=Qu)=0,u, >0,(K-Q,)>0 #S equations

If using up to capacity Q=K

Then u >0 =U,[Q]=C+u >cC
If using less than capacity Q< K
Then =0 :>US’[QS]=C

The fixed costs are recovered by the charges n
Thus only the ones that use the full capacity contribute to cost-recovery!
Is this what is applied?
Yes, but often not: costs are “socialized” (average tariffs over all consumers)
Thus not optimal (trade-off of efficiency, complexity and “fairness’)



Qs : Us’[Qs] = C+ s



Optimal Dispatch



CAPITAL COSTS OF GENERATION TYPES

$/kw

$8,000
$7,000
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$1,000

$0

Gas Gas Utility- Large Convetional IGCC Solar Utility-  Nuclear ~ Hydro Distributed
Combustion Combined- Scale Hydro Coal Thermal  Scale PV Pumped PV
Turbine Cycle Wind Storage

Source: EIA AEQ 2011




VARIABLE OPERATING COSTS OF GENERATION

$/MWh*
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Combustion Turbine

*Based on a gas price of $5.00/MMBtu
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Levelized costs of generation

Technology Costs Table

Fixed cost

Power
(MW)

years

Days/
year

Hrs/
day

Hrs /
year

total
hours

FC/
MWh

1,300,000,000

5,000,000,000




Multitude of generation types

Technology Costs Table

Fixed cost per

Variable cost

MWh per MWh
Baseload 40 0
Midload 20 30
Peaker 10 50

Trade-off:

Economics of scale  |Baseload power plants

Nuclear Coal

I\/I|dload power plants

Gas -CCGT

Peaker power plants

|Gas -0CGT | IShortage- curtailment I

Flexibility
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TYPICAL LOAD SHAPE - HOURLY
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Exceptionally high

Load curve

Very high
Moderate
Low
Very Low
00 05
p Very
Lo Low
50
30
20
0

Nuclear

07

Moderate

10

13 15

Exceptionally
high

18

24

IShortage I

Hours

30



Exceptionally high

Very high

Moderate

Low

Very Low

00

50

30

20

Very
Lo

Nuclear

Low

05

07

Moderate

10

13 15

Exceptionally
high

18

Load curve
24 Hours
31



Monopoly treatment

You are Subject no.2 in Group no. 2 — Period 1 of 4; There are - including you - 1 producers in your group} CHOOSE: Choose generation plants and your bids Remaining time [sec]. &7
Predicted Demand Profile: total 57.0G\Wh [l Fixed Variable Emission TOTAL
I_ CostsiGW CostsiGWh  CO2/GWh TYPE Fixed Costs  INSTALLED TYPE BID
E 750 3 0 Muclear 675 09 El Muclear 3
4 200 40 1 Gas a0 0z [=] Gas 40
3 300 30 3 Coal 570 19 EI Coal 30
E 186Wh 5 300 1 0 nd (20%) 0 0o [=] nd 1
ELI 7 23 23 7

5GUh S T b " o o = ’

0 123456 7 8 8101112131415 16 17 16 19 20 21 22 23 24 TOTAL INSTALLED GENERATION CAPACITY 34

# 18 of 24
d
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Fixed Variable Emission TOTAL

CostsiGW  CostsiGW  CO2IGW TYPE Fixed Costs INSTALLED
750 3 0 Muclear 675 08 | =] |+
200 40 1 Gas 60 0.3 | =] [
300 30 3 Coal 570 19 | =] [+
300 1 0 Wind (20%) 0 0.0 [=] [
10 70 4.0 Gil 23 23 | =] [

TOTAL INSTALLED GENERATION CAPACITY 5.4




CHOOSE: Choose generation plants and your bids

Remaining time [sec]. 147

‘ou are Subjectnoin Group no. 1 -- Period 2 of 10; There are - including you - 1 producers in yourl

%re(licte(l Demand Profile; total 57.06Wh Fixed Variable Emission TOTAL I
CostsiGW  CostsiGW  CO2/GW TYPE Fixed Costs  INSTALLED TYPE BID
q 760 3 0 Muclear 75 0o [=][# MNuclear 3 [=] [%]
4 15 200 40 1 Gas B 03 [=] [#] cas 40 [=] [
GHivh 300 30 3 Coal 570 15 [=] Coal 3 [E[H
3 186w B 15 1 0 wind (20%) 0 00 [=] wind 1 [=] [
1 Calt e 10 70 40 il 15 15 [=] [#] ol 70 [=] [#]
G 26
Il 1 k] 4 £ L ird [n] o I T o O T 0 O O 1 I s e B R I ' TOTAL INSTALLED GENERATIONCAPACIW "'G
|
RECUMS LAST ROOND Installed Available Capacity Emissior TR — P
i i e highest profit this round is by Subjec
Realized Demand Profile: total 56.4GWh EE (B (Bpinellyy (et [FUeil (H2E nod W?th Qﬁf ety The aroduction cost ofyour
Rverage price 64 Muclear 0.9 0g 1.00 304 i ' : b
systermn is 46 per Giih
Gas 03 0.3 na 39 2 The |owest profit fram all arouns was 854
i Coal 19 19 0.62 266 a4 The average profit over all groups was 954 [|Your profitis 17 per Gidih
W_md (v O b - © t the mast efiicient graup: Group no.1 with The average price in your group is
o oil 15 15 01z 345 18 production costof 46 per GWh G4 per GYwh
TOTAL PROFIT 954 104
4 Average System cost Electricity Price
160-
£ 10 140
§ 120
8
9 ; 100
[ a0
1 5 il
4 &
40
3
0 7 20
0 1 34 8 6B 7T 8 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o—a—a o o] 0
00010203040506070808591.0 12 3456 78 01011121314151617 181820
Nuclear .Gas .Coal Wind .Oil ‘Ilonaue & Average System cost . “
& Average Price e
Period Predicted Realized Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Profit TotalProfi
Demand (GW) [Demand (GW) | Installed Installed Installed Installed Installed Bid Bid Bid Bid Bid Profit Profit Profit Profit Profit
1 57.0 6.4 0.4 0.3 1.9 0.0 1.8 3 40 30 1 70 04 39 266 i 345 4954 5954 I







CHOOSE: Choose generation plants and your bids

Remaining time [sec]. 147

‘ou are Subjectnoin Group no. 1 - Period 2 of 10; There are - including you - 1 producers in your

%re(licte(l Demand Profile; total 57.06Wh Fixed Variable Emission TOTAL I
CostsiGW  CostsiGW  CO2/GW TYPE Fixed Costs  INSTALLED TYPE BID
q 760 3 0 Muclear 75 0o [=][# MNuclear 3 [=] [%]
4 15 200 40 1 Gas B 03 [=] [#] cas 40 [=] [
GHivh 300 30 3 Coal 570 15 [=] Coal 3 [E[H
3 186w B 15 1 0 wind (20%) 0 00 [=] wind 1 [=] [
1 Calt e 10 70 40 il 15 15 [=] [#] ol 70 [=] [#]
G 26
D1 2346 67 8 01011121314 151617 16 19 20 21 22 23 24 LIRLINSTALE-DLEREE OB SR T e
Results LAST ROUND Installed Available Capacity Emissior TR — P
i i e highest profit this round is by Subjec
Realized Demand Profile: total 56.4GWh EE (B (Bpinellyy (et [FUeil (H2E nod W?th Qﬁf ety The aroduction cost ofyour
Rverage price 64 Muclear 0.9 0g 1.00 304 i ' : b
systermn is 46 per Giih
Gas 03 0.3 na 39 2 The |owest profit fram all arouns was 854
i Coal 19 19 0.62 266 a4 The average profit over all groups was 954 [|Your profitis 17 per Gidih
W_md (v O b - © t the mast efiicient graup: Group no.1 with The average price in your group is
o oil 15 15 01z 345 18 production costof 46 per GWh G4 per GYwh
TOTAL PROFIT 954 104
4 Average System cost Electricity Price
160-
£ 10 140
§ 120
8
9 ; 100
[ a0
1 5 il
4 &
40
3
0 7 20
01 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o—a—a o o]
00010203040506070808591.0 12 3456 78 01011121314151617 181820
Nuclear .Gas .Coal Wind .Oil ‘Ilonaue & Average System cost :
& Average Price e
Period Predicted Realized Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Profit TotalProfit
Demand (GW) [Demand (GW) | Installed Installed Installed Installed Installed Bid Bid Bid Bid Bid Profit Profit Profit Profit Profit
1 57.0 6.4 0.4 0.3 1.9 0.0 1.8 3 40 30 1 70 04 39 266 i 345 4954 5954




CHOOSE: Choose generation plants and your bids

Remaining time [sec]. 127

‘ou are Subjectnoin Group no. 1 - Period 2 of 10; There are - including you - 1 producers in your

-

redicted Demand Profile; total 57.0GWh

i Fixed Variable Emission TOTAL
Costs/GW  Costsi'GW ~ CO2/GW TYPE Fixed Costs  INSTALLED TYPE BID
q 760 3 0 Muclear 75 0o [=][# MNuclear 3 [=] [%]
4 15 200 40 1 Gas B 03 [=] [#] cas 40 [=] [
GHivh 300 30 3 Coal 570 15 [=] Coal 3 [E[H
3 186w B 15 1 0 wind (20%) 0 00 [=] wind 1 [=] [
1 Calt e 10 70 40 il 15 15 [=] [#] ol 70 [=] [#]
BEWWh 26
D1 2346 67 8 01011121314 151617 16 19 20 21 22 23 24 VUL LT A T e
Results LAST ROUND P10 Show Show Installed Available Capacity Emissior The hishestorofit Jis by Subient
i . only L Capacity Capacity Factor Profit €02 € Nigne st profit inis round 13 Ry subjec
ﬁ‘fgﬁﬁg Eﬁgﬂ‘;‘ Profile: total 56.4G¥h my Price (P) L ae ie M T [ no.1 with 954 The production cost of your
‘ Stack i ’ : system is 46 per Giivh
03 0.3 na 39 2 The |owest profit fram all arouns was 854
5 03 19 14 0.52 266 04 The average profit over all groups was 954 [|Your profitis 17 per Gidih
W_md (v O b - © t the mast efiicient graup: Group no.1 with The average price in your group is
oil 15 15 01z 345 18 production costof 46 per GWh G4 per GYwh
TOTAL PROFIT 954 104
Average System cost Electricity Price
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10 140
§ 120
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7
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00010203040506070808591.0 12 3456 78 01011121314151617 181820
Nuclear .Gas .Coal Wind .Oil ‘Ilonaue & Average System cost :
& Average Price e
Period Predicted Realized Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Profit TotalProfit
Demand (GW) [Demand (GW) | Installed Installed Installed Installed Installed Bid Bid Bid Bid Bid Profit Profit Profit Profit Profit
1 57.0 6.4 0.4 0.3 1.9 0.0 1.8 3 40 30 1 70 04 39 266 i 345 4954 5954




CHOOSE: Choose generation plants and your bids

Remaining time [sec]. 113

‘ou are Subjectnoin Group no. 1 - Period 2 of 10; There are - including you - 1 producers in your

%re(licte(l Demand Profile; total 57.06Wh Fixed Variable Emission TOTAL I
CostsiGW  CostsiGW  CO2/GW TYPE Fixed Costs  INSTALLED TYPE BID
q 760 3 0 Muclear 75 0o [=][# MNuclear 3 [=] [%]
4 15 200 40 1 Gas B 03 [=] [#] cas 40 [=] [
GHivh 300 30 3 Coal 570 15 [=] Coal 3 [E[H
3 186w B 15 1 0 wind (20%) 0 00 [=] wind 1 [=] [
1 Calt e 10 70 40 il 15 15 [=] [#] ol 70 [=] [#]
G 26
01 2 345 6 7 8 910112131415 1617 1819 2021 2233 14 &
Results LAST ROUND P10 Show Installed Available Capacity Emissior TR — P
" . Capacity Capacity Factor Profit €02 € Nigne st profit inis round 13 Ry subjec
ﬁﬁgﬁeg ?ﬁg;“g;' Profile: total 56.4G¥h Price (P) hacy Lapacty no.1 with 954 The production cost of your
age | 04 04 1.00 304 0 syslem is 46 par GWh
03 0.3 na 39 2 The |owest profit fram all arouns was 854
5 19 14 0.52 266 04 The average profit over all groups was 954 [|Your profitis 17 per Gidih
0L b - © t the mast efiicient graup: Group no.1 with The average price in your group is
o 15 15 01z 345 18 production costof 46 per GWh G4 per GYwh
TOTAL PROFIT 954 104
4 30 Average System cost Electricity Price
160-
£ 60 10 140
& 120
8
3 1 7 1o
[ a0
i
q 2 ) GO .
3 40
R=200
0 * 4 3 * » 0 2 20
01 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o—a—a o o]
00010203040506070808591.0 12 3456 78 01011121314151617 181820
Nuclear .Gas .Coal Wind .Oil ‘Ilonaue & Average System cost :
& Average Price e
Period Predicted Realized Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Nuclear Gas Coal Wind 0il Profit TotalProfit
Demand (GW) [Demand (GW) | Installed Installed Installed Installed Installed Bid Bid Bid Bid Bid Profit Profit Profit Profit Profit
1 57.0 6.4 0.4 0.3 1.9 0.0 1.8 3 40 30 1 70 04 39 266 i 345 4954 5954




Installed Available Capacity Emission

TYPE Capacity Capacity Factor Profit CO2
Muclear 0.9 0.9 1.00 16 0
(335 0.3 0.3 0.12 -33 1
Coal 1.9 1.8 0.57 -342 78
Wind (20%) 0.0 0.0 0.00 0 0
il 2.3 2.3 0.12 23 28

TOTAL PROFIT -8z 107




TYPE BID

Muclear 3
a5 40
Coal 30
Wind 1
Cil 70

+ ||| ] [ ][+

Minimal price you accept




Monopoly treatment

You are Subjectno.2 in Group no. 2 - Period 2 of 4; There are -including you - 1 pri

duCers in your gruup'al

CHOOSE: Choose generation plants and your bids

Remaining time [sec. &3
?remcted Demand Profile: total 57.0G\Wh Fixed Variable Emission TOTAL
] CostsiGVV CostsiGWh CO2/GWh TYPE Fixed Costs INSTALLED TYPE BID
1 750 3 0 Muclear 675 09 Muclear 3
4 15 200 40 1 Gas a0 03 Gas 40
GWh 300 30 3 Coal 570 12 Coal 30
4 18GWh 8 300 1 0 Wind (20%) 0 00 wind 1
GWwh o
W 10 70 4.0 Qil % Qil 70
5GWh e B
0123456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 TR AN L
Results LAST ROUND stalled Available Capacity Emission ;Eihf[;ejtsgmmmis roundis by Subject
1 with -
Realized Demand Profile: total 56.1GWh snEy Ry Enr DEm Bk
Average price 45 E 08 1.00 a8 0 The lowest profitfrom all groups was -158
.2 0.3 023 -33 2 The average profit over all groups was -158
£ it 19 0.60 90 a2
).0 0o 0.00 0 0
] b 3 #3) 0.10 -23 22
2
TOTAL PROFIT -158 108
4 Average System cost Electricity Price (x 1000€/GWh)
160-
e 140
120
o 100
80
1 60
40 L
20
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o
4 56 78 9101121214156 17 18 1920
Huclear Woas  Mlcon wind  [[lloi Mlsiortage ® Average System cost —
O Average Price Eng
Period Predicted Realized Huclear Gas Coal Wind Qil Huclear Gas Coal Wind Wind Oil Profit TotalProfit WINNER WINNER PROFIT
Demand (GW) Demand (GW) Installed Installed Installed Installed Installed Bid Bid Bid Bid Availabillity (%) Bid
1 57.0 56.1 0.9 0.3 k) 0.0 23 3 40 20 1 50 70 -158 -158 1 -158




Monopoly treatment

You are Subjectned in Group no. 1 - Period 2 of 4: There are - including you - 1 producers \n'ynurgmup'sl CHOOSE: Choose generation plants and your bids [ Remaining time [sec].: 85
Predicted Demand Profile: total 57.0G\Wh [l Fixed Variable Emission TOTAL
?‘ CostsiGVWV CostsiGWh  CO2/GWh TYPE Fixed Costs INSTALLED TYPE BID
1 750 3 0 Muclear 875 e [=] Nuclear 2
4 15 200 40 1 Gas &0 02 [=] 40
3 GWh 300 30 3 Coal 570 12 [=] 30
24 18QWh [ 300 1 0 Wind (20%) 0 0o [=] 1
GWh . o -
W 10 70 40 Oil 23 23 [=] 70
5GWh e B
T2 3 4 5 6 7 8 910 1112 13 14 15 16 17 18 19 20 21 22 23 24 USRI =
Results LAST ROUND Show Don't - Installed  Available Capacity e 'I:I;arjl\\ftneilspamﬂlmls round is by Subject
oW 1 with -
Realized Demand Profile: total 57.9GWh omn;y ;how_ Price (P} Uizl CTy ELTEY REDr HEd
ST Stack Hasi Muclear 0.9 08 100 88 o The lowest profitfrom all groups was -158
Gas 03 03 042 233 3 The average profit aver all groups was -158
i Coal 1.9 L) 0.62 -190 85
Wind (20%) 0.0 00 0.00 0 0
Qil 23 #3) 0.09 -23 20
TOTAL PROFIT Ak IR
Average System cost Electricity Price (x 1000€/G\Wh)
160-
140
120
100
80
60
40 L
Iy 20
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o
12 3456 78 910 112131415116 17181920
HNuclear Wsas  Mlcoa wind  [[llo Mlsnortace ® Average System cost )
D Average Price Periad
Period Predicted Realized Huclear Gas Coal Wind Oil Huclear Gas Coal Wind Wind 0l Profit TotalProfit WINNER WINNER PROFIT
Demand (GW) Demand (GW) Installed Installed Installed Installed Installed Bid Bid Bid Bid Availabillity (%) Bid
1 57.0 57.9 0.9 0.3 19 0.0 23 3 40 30 1 &0 70 -158 -158 1 -158




Monopoly treatment

S —— I,
Fixed Variable Emission TOTAL I
CostsiGW  CostsiGWh CO2iGWh TYPE  Fixed Costs INSTALLED TYPE  BID
750 3 0 Nuclear 675 09 [=] Nuclear 3
200 40 1 Gas 60 02 [=] Gas 40
200 eli ¢ - =710 19 [=] Coal 30
Wind (20%) 00 [=] Wind 1
_ _ _ _ 3 22 [=] Qil 70
TOTAL INSTALLED GENERATION CAPACITY 5.4




70.00

2.78

—24.82

12.97

- 5.16

— 0.00
%

3.0

292

- 2.54

1.76

- 1.18

— 0.60
%



Monopoly- Subsidy treatment

LIS 1 YL UL L e e L e L = = e e e e L 0 ) R W
Fixed Variable Emission TOTAL I
Costs/GW CostsiG\Wh  CO2/GWh TYPE Fixed Costs INSTALLED TYPE BID
750 3 0 Muclear 675 0.9 [=| |4+ Muclear 3
200 40 1 Gas G0 02 | = [ [ Gas 40
19 | = [ [== Coal 20
Wind (20%) 0.0 [=||= Wind 1
22 (=] | Cil 70
TOTAL INSTALLED GEMERATION CAPACITY 5.4
N — T ——
Fixed Variable Emission TOTAL I
CostsiGW  CostsiGWh CO2/GWh TYPE  Fixed Costs INSTALLED TYPE  BID
750 3 0 Nuclear 675 09 [=] Nuclear 3
200 40 1 Gas 50 02 [=] Gas 40
200 cli 2 - =710 19 [=] Coal 30
Wind (20%) 0.0 [=] Wind 1
_ _ _ _ 3 22 [=] ol 70
TOTAL INSTALLED GENERATION CAPACITY 5.4




Duopoly treatment

You are Subject no.2 in Group no. 2 — Period 1 of 4; There are - including you - 1 producers in your group} CHOOSE: Choose generation plants and your bids Remaining time [sec]. &7
Predicted Demand Profile: total 57.0G\Wh [l Fixed Variable Emission TOTAL
I_ CostsiGW CostsiGWh  CO2/GWh TYPE Fixed Costs  INSTALLED TYPE BID
E 750 3 0 Muclear 675 09 El Muclear 3
4 200 40 1 Gas a0 0z [=] Gas 40
3 300 30 3 Coal 570 19 EI Coal 30
E 186Wh 5 300 1 0 nd (20%) 0 0o [=] nd 1
ELI 7 23 23 7

5GUh S T b " o o = ’

0 123456 7 8 8101112131415 16 17 16 19 20 21 22 23 24 TOTAL INSTALLED GENERATION CAPACITY 34

# 18 of 24
d



Duopoly treatment

You are Subjectno.2 in Group no. 1 - Period 2 of 4: There are - including you - 2 producers in your group} CHOOSE: Choose generation plants and your bids [ Remaining time [sec].: 87
1Eremcted Demand Profile: total 114.06\Wh [l Fixed Variable Emission TOTAL
T CostsiGVWV CostsiGWh  CO2/GWh TYPE Fixed Costs INSTALLED TYPE BID
L 750 3 0 Muclear 875 e [=] Nuglear 2 [=]
10 200 40 1 Gas 0 03 [=] Gas 40 [=]
E GWh 300 30 3 Coal 570 12 [=] ceal 30 [=]
4 26CWh 12 300 1 0 Wind (20%) 0 0o [=] wind 1 []
G ET 10 i 40 ail 23 23 [=] oil w [=]
12GWh 4GWI
12 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 TR R EE T B ST 54
Results LAST ROUND Show Don't D::"“ Installed Available Capacity Emission ;zi’j’ftneilspamﬂnms roundis by Subject
show 1 with -
Realized Demand Profile: total 115.3GWh °m";“ lslhow price (P) TYPE Capacity Capacity Factor Profit CO2
S Stack Hasi Muclear 0.9 08 100 88 o The lowest profitfrom all groups was -158
Gas 03 03 012 233 1 The average profit aver all groups was -158
129 Coal 1.9 L) 0.67 -190 a1
Wind (20%) 0.0 00 0.00 0 0
Qil 23 #3) 012 -23 28
l
TOTAL PROFIT Ak i
Average System cost _Electricity Price (x 1000€/G\Wh)
160-
2 140
120
4 100
80
o 50
40 L4
20
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 o
12 3456 78 910 112131415116 17181920
HNuclear Wsas  Mlcoa wind  [[llo Mlsnortace & Average System cost )
& Average Price Periad
Period Predicted Realized Huclear Gas Coal Wind Oil Huclear Gas Coal Wind Wind 0l Profit TotalProfit WINNER WINNER PROFIT
Demand (GW) Demand (GW) Installed Installed Installed Installed Installed Bid Bid Bid Bid Availabillity (%) Bid
1 4.0 153 0.9 0.3 19 0.0 23 3 40 30 1 20 70 -158 -158 1 -158




Duopoly treatment

Results LAST ROUND
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Results PRESENT ROUND
Realized Demand Profile: total 115.3GWWh
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Variahle Emission
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Power For finding the cheapest

(Capacity) technique itis useful to know
the average cost...



Fixed versus variable cost



Plant System Utilization over Day-Ahead Prices <

Utilization Ratio depending on Day-Ahead Spot-Prices (Update: Nov 2014)
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Load-Duration Curve;

Duration[y] = Pr[Demand > y]
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Load-Duration Curve:

) Duration[y] =# Hours where [Demand > vy]
Cara trvani brutto zatizeni [MW]
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Daily variations (UK)
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Daily Load-Duration Curve:
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Daily
Demand
in MW 3

D=3-2* Duration

Daily Load-Duration Curve:
Duration[y] = Pr[Demand > y]
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Daily Load-Duration Curve:
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Daily Load-Duration Curve:
Duration[y] = Pr[Demand > y]
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Overview newly introduced curves & table
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Daily Load-Duration Curve:
Duration[y] = Pr[Demand > y]
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Price is set by the variable costs
of the most expensive generator
needed to meet demand
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